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Abstract. This study investigated the potential health risk due to dietary exposure to Polycyclic Aromatic Hydrocarbons 

(PAHs) for the populace living around selected industrial areas in the south eastern states of Nigeria. The concentrations 

of PAHs were measured in edible food crops using Gas Chromatography - Flame Ionization Detection (GC-FID). The 

mean concentration of PAHs in food crops collected ranged from < 0.01 to 2.64 ± 0.02, 5.27 ± 0.04, 0.96 ± 0.02, 8.94 ± 

0.01 and 1.95 ± 0.06 in mg/kg for Osisioma, Ishiagu, Irete, Akwuuru, and Ngwo respectively. PAHs distributions in food 

samples analyzed in this study showed vegetables to be significant higher (p ≤ 0.05) in the order vegetables > fruits > 

nuts > tubers. Total PAHs (∑PAHs) concentrations in most crop samples had highest values 14.49, 36.29, 4.59, 23.36 

and 21.8 mg/kg for Chyrysophyllum albidum, Telferia occidentalis, Vernonia amygdalina, Talinum triangulare and 

Elaies guinnensis for Osisioma, Akwuuru, Irete, Ishiagu and Ngwo respectively. The low molecular weight-PAHS/ high 

molecular weight-PAHS were < 1 with values 0.76, 0.18, 0.28, 0.91 and 0.12 for Osisioma, Irete, Akwuuru, Ishiagu and 

Ngwo respectively. 58.3% and 71.7% of ∑B(a)P and ∑PAHs in food samples in the study areas exceeded the permissible 

limits set by DPR and EU. The estimated daily intake of PAHs via the ingestion of food crops were within the tolerable 

range. The carcinogenic risk values for the food crops were within the predicted permissible lifetime risks of carcinogen 

(10-6-10-4) for adults and children in Osisioma, Akwuuru, Ishiagu and Enugu respectively. Therefore, this study suggests 

that the populace around industrialized areas in South Eastern Nigeria, may be at risk due to PAHs exposure through food 

consumption.
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equivalence (TEBaP).

1. Introduction 

Food safety is increasingly becoming a global challenge, 

and this has alerted several researches regarding the 

dangers incurred through ingestion of foods con-

taminated by toxins [1, 2]. The toxicity of polycyclic 

aromatic hydrocarbons (PAHs) has gained serious 

interest among international regulatory bodies based on 

the degree of occurrence and toxicity [3], environmental 

biochemists, chemists, ecotoxicologists and government 

agencies [4]. 

PAHs refer to a class of heterogeneous organic 

compounds made up of two or more aromatic fused rings 

composed mainly of hydrocarbon with the absence of 

hetero-atoms or substituent in their structures [4, 5]. 

PAHs are generally lipophilic, volatile and not soluble in 

water but able organic matters [6]. Their solubility in 

water increases as molecular mass decreases in a linear 

fashion [4, 7].  PAHs are pollutants formed when organic 

matters are burnt in the limited supply of oxygen. 

Examples of organic materials are coal, oil, gas, wood, 

garbage, tobacco, petroleum products etc. They are 

released into the environment mainly through 

anthropogenic activities (engine exhausts, industrial 

production processes like mining, petroleum refining/ 
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petroleum distillation, coal-derived products, waste 

incineration, tobacco smoking and partly by natural 

means, e.g. bush burning and volcanic eruptions [4]. An 

increase in environmental PAHs levels is the major cause 

of high PAHs levels in food within industrialized and 

developing countries like Nigeria. Human exposure to 

PAHs can be through diet as PAHs are possible 

contaminants in fruits, vegetables, oils and dairy 

products. As a result, humans are exposed to several 

health problems which could be immunological, 

hematological, cardiological and hepatological [3]. 

PAHs dispersed into environment, i.e. air, water, 

sediments, soil and plants, result in the pollution of 

organisms in different habitats. Thus, possibly exposing 

humans to high PAHs levels through food supply 

especially in nonsmokers [6].  

Some other studies show that PAHs play significant 

roles in the physiology of experimental animals as 

carcinogenes, mutagenes, and genotoxins [6]. Increased 

human risk to various forms of cancer (lungs, skin and 

bladder) is associated with dietary exposure to high levels 

of PAHs [6, 8]. Therefore, evaluating the cancer risk 

level of a given area via the ingestion of PAHs is 

important for effective environmental management and 

human risk assessment. Based on the levels of occurrence 



Onyedikachi et al. / Ovidius University Annals of Chemistry 30 (2019) 37 - 43 

38 

and carcinogenicity, the United States Environmental 

Protection Agency (USEPA) has highlighted sixteen. 

PAHs according to their precedence as: benzo(a)pyrene 

(BaP), benzo(a)anthracene (BaA), 

dibenzo(b)fluoranthene (BbF), chrysene (Chry), 

benzo(k)fluoranthene (BkF), indeno(1,2,3-cd)perylene 

(IndP) and dibenzo(a,h)anthracene (DahA), considered 

as human carcinogens, and others like  of naphthalene 

(Nap), acenaphthene (Ace), acenaphthylene (Acy), 

anthracene (Ant), benzo(ghi)perylene (BghiP), 

fluoranthene (Flt), fluorene (Flu), phenanthrene (Phe) 

and pyrene (Pyr), noted as non-carcinogenic PAHs [3, 6]. 

The toxicity of PAHs in food as well as the carcinogenic 

potential of these compounds to humans via intake 

explains why it is of utmost importance to monitor their 

presence in food [6]. 

Availability of safe and healthy food to residents 

living around the industrial zones in the south east of 

Nigeria has become a serious environmental problem. 

There is no cogent information as regards PAHs 

contamination level and its health risk implication to the 

populace of these study areas. The increase in 

contamination of soils and crops by PAHs around these 

zones through industrial activities may lead to increase in 

the consumption of PAHs. Thus, the main aim of this 

present study were: 

(1) To investigate the concentrations of 16 priority PAHs 

in selected vegetables, tubers, fruits and nuts collected 

from south eastern states of Nigeria (Osisioma, 

Akwuuru, Ngwo, Ishiagu and Irete); 

(2) To evaluate the health risk associated with the dietary 

intake PAHs through the ingestion of food crops; 

 (3) To assess the levels and sources of PAHs pollution 

using diagnostic ratios.  

2. Experimental  

2.1. Materials and methods 

Five samples each of twelve different food crops which 

includes: (i) vegetables, i.e. bitter leaf (Vernonia 

amygdalina), water leaf (Talinum triangulare) and 

pumpkin leaf (Telfairia occidentalis); (ii) tubers, i.e. yam 

(Dioscorea alata), cocoyam (Colocasia esculenta) and 

cassava (Manihot esculenta); (iii) fruits, included orange 

(Citrus  sinensis), paw paw (Carica papaya), star apple 

(Chrysophyllum albidum); (iv) nuts, i.e. kola nut (Cola 

acumulata), palm kernel nut (Elaeis guineensis jacq) and 

coconut (Cocos nucifera), were harvested from 

farmlands close to the industries (study sites) at 

Osisioma, Akwuuru, Ishiagu, Ngwo, and Irete. Umudike 

(a university farmland devoid of industries) was the 

control for this study.  

The crop samples were washed with water three times 

to avoid contamination. After the water had evaporated, 

the vegetables were plucked, selected and spread-out on 

a flat foiled surface. The skin of the tubers peeled and 

chopped in to tiny cubes for easy drying, the fruits were 

peeled to remove exocarp (skin) while endocarp (flesh) 

was collected. The flesh of the nuts was collected and 

chopped into tiny cubes (the hard shells of coconut and 

palm kernel nut were removed to access the flesh 

although this was not needed for the kola nut). Each 

sample was weighed, oven dried at 55 ᵒC for 48 h and 

crushed into powder. 

 

Figure 1. Map of the south eastern states of Nigeria showing 

some industrial areas of study. 

Extraction. 2 g of each plant sample were weighed into 

a clean extraction container. After which, 10 ml of 

dichloromethane was added to it and stirred vigorously 

and then allowed to settle. The mixture was filtered and 

concentrated to 2 ml [9]. 

Sample cleanup/separation. 1 cm of moderately packed 

glass wool was placed at the bottom of 10 mm ID * 250 

mm Loup chromatographic column. Slurry of 2 g 

activated silica was added to 10 ml methylene chloride 

and was placed into the chromatographic column. 0.5 cm 

of sodium sulfate was added to the column. The column 

was rinsed with additional 10 ml methylene chloride and 

pre-eluted with 20 ml of dichloromethane. This was 

allowed to flow through the column at a rate of about 2 

min until the liquid in the column was just above the 

sulfate layer. 

The extraction bottle was rinsed with 1 ml of 

dichloromethane and added to the column as well. The 

stop clock of the column was opened, and the element 

was collected. Following the recovery of the labeled 

fractions called “Aliphatics” before the exposure of the 

sodium sulfate layer, the column was eluted with 1:1 

mixture of propanone and dichlorometane in 1 - 2 ml 

increments. Another 8 – 10 ml of eluent were collected 

[9 - 12]. 

Gas chromatography analysis. Gas chromatography - 

flame ionization detector (GC-FID) (Hewlett Packard, 

Wilmington, DE, USA), powered with HP chemstation 

Rev. A 09:01 (10206) software was used to identify and 

quantify compounds. The GC operating conditions were 

as follow: fused silica column [30m*0.25 μm film of HP-

5 (thickness)]; the inlet and injection temperature was set 

at 270 oC to 320 oC. Split injection was adopted with a 

split ratio of 8:1 using a rubber septum and 1 μl of the 

concentrated sample was injected into the column.  

The column temperature was programmed as follow: 

hold at 65 oC for 2 min; 65 - 260 oC at 12 oC /min; 260 – 

320 oC at 15 oC/min and maintained at 310 oC for 8 min. 

The oven temperature was set at 65 oC. Nitrogen was 

used as carrier gas (30 ml/min). The hydrogen and 

compressed air pressure was 27.8 psi at 35 ml/min and 
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250 ml/min respectively. A standard mixture of the 16 

PAHs was used for the PAHs analysis. Comparison 

between the retention time of standards and that of the 

extracts was obtained to identify the compounds while 

individual PAHs analysis were used for the 

quantification. To ensure accuracy for all the PAHs 

measured, the method of Tango et al. [13] was used. The 

recovery of internal standard was used to ascertain the 

analytical method used for the PAHs. 

2.3. Quality control 

Quality control was observed at all times during the 

entire course of this research. Analyses of procedural 

blanks were periodically carried out to ascertain quality 

of analytical results devoid of laboratory contamination 

and operational errors. The average blank concentration 

was subtracted from each sample to correct for 

methodological and equipment errors. The detection 

limit and quantitation limits were calculated as 3 and 10 

times the standard deviation of the blank, respectively. 

The recoveries of each individual PAH varied from 

93.14% to 104.92% for PHE and DahA, respectively. 

The calibration curves were obtained through serial 

dilution of stock standard solutions with n-hexane to 

obtain 6 calibration standard PAHs solutions containing 

5, 10, 20, 30, 40, and 50 μg/L of stock solution. The 

calibration curves for PAHs analyzed standards (n = 6) 

gave values of remaining standard deviations that ranged 

between 78.05% and 101.20%, demonstrating analytical 

method based on its repeatability. Triplicate 

determinations were made on all food crops samples [11, 

13]. 

Statistical analysis. The one-way ANOVA, using 

computer aided SPSS package (version 20.0) was used to 

statistically analyze the data gotten in this study. Test of 

statistical significance was done at 95% confidence level. 

Data was reported the mean concentration of PAHs ± 

standard error (S.E.) of mean. 

2.4. Health risk dietary exposure estimates 

The toxic potency assessment of PAHs is estimated as the 

concentration of each PAH congener in a sample 

multiplied by its Benzo[a]P toxic equivalent factor 

according to method of Tongo et al. [11] using the 

equation given below:     

𝐵[𝑎]𝑃𝑡𝑒𝑞 =  𝐶𝑖 ×  𝑇𝐸𝐹𝑖 (1) 

The Toxic Equivalence Quotient (TEQ) is the toxic 

potency of PAHs in the sample environment obtained by 

summing the toxic potencies of individual PAHs 

(B[a]Pteq) using equation given below: 

𝑇𝐸𝑄 =  𝛴𝐵[𝑎]𝑃𝑡𝑒𝑞 (2) 

Concentrations of Benzo(a)pyrene equivalents 

(B[a]Peq) in food crops and the daily intake (DI) of PAHs 

via consumption of food crops were estimated using 

Equations 2 and 3 

𝐷𝐼 = ∑ 𝐵𝐶𝑖 𝑥 𝐹𝑖𝑛
𝑖=1  (3) 

where: B is the concentration of B[a]Peq in food crops 

(mg/kg); Ci is the concentration of PAHS congener i in 

food sample; TEFi = toxic equivalent factors (TEFs) of 

PAHS congener i; Fi is the food intake per-day (g/d) [14]. 

3. Results and discussion 

Table 1. Mean concentration of PAHs (mg/kg dry weight) in crops from the study areas. The results are expressed as triplicate mean 

± S.E. 
  VA TO TT ME DR CA CS CHA CP CN CO EG 

NAP Abia 0.06±0.01a 0.68±0.02b 0.16±0.00c 0.05±0.00a 0.00±0.00d 0.00±0.00d 1.09±0.02e 2.64±0.02f 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.07±0.00a  
Owerri  0.06±0.01a 0.00±0.00b 0.00±0.00b 0.00±0.00b 0.00±0.00b 0.00±0.00b 0.07±0.00a 0.05±0.01a 0.04±0.01a 0.07±0.01a 0.00±0.00b 0.03±0.01c  
Anambra  0.28±0.02a 0.35±0.01a 0.73±0.07b 0.11±0.01c 0.19±0.01c 0.00±0.00d 0.00±0.00d 0.02±0.00d 0.00±0.00d 0.00±0.00d 0.20±0.01a 0.00±0.00d  
Ebonyi  0.11±0.01a 0.99±0.01b 0.70±0.00c 0.00±0.00d 0.00±0.00d 0.01±0.00d 0.00±0.00d 0.16±0.01a 0.03±0.00d 0.15±0.01a 0.01±0.00d 0.04±0.00d  
Enugu  0.06±0.01a 0.01±0.00b 0.00±0.00c 0.06±0.00a 0.16±0.00d 0.06±0.00a 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.10±0.00e 

MET

NAP 
Abia 0.19±0.01a 3.54±0.02b 0.23±0.00a 0.02±0.00c 0.00±0.00c 0.00±0.00c 0.28±0.02a 0.89±0.02d 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.05±0.01c 

 
Owerri  0.06±0.01a 0.09±0.01a 0.00±0.00b 0.00±0.00b 0.00±0.00b 0.00±0.00b 0.07±0.01a 0.10±0.01c 0.00±0.00b 0.04±0.01a 0.00±0.00b 0.00±0.00b  
Anambra  0.95±0.05a 1.25±0.05b 1.00±0.00d 0.04±0.00c 0.02±0.01c 0.00±0.00c 0.00±0.00c 0.07±0.01d                                                                                                                                                      0.00±0.00c 0.00±0.00c                                                                                                                                                                                                                                                                                                                                                         0.09±0.01a 0.00±0.00c  
Ebonyi  0.11±0.01a 5.27±0.04b 1.05±0.01c 0.00±0.00d 0.00±0.00d 0.02±0.00d 0.00±0.00d 0.06±0.01a 0.00±0.00d 0.10±0.01a 0.02±0.00d 0.02±0.01d  
Enugu  0.20±0.01a 0.00±0.00b 0.00±0.00b 0.03±0.00c 0.02±0.01c 0.12±0.01d 0.00±0.00b 0.00±0.00b 0.00±0.00b 0.00±0.00b 0.00±0.00b 0.02±0.01c 

ACY Abia 0.35±0.01a 2.10±0.01b 0.26±0.00a 0.07±0.00c 0.00±0.00d 0.00±0.00d 0.22±0.01a 1.00±0.01d 0.00±0.00d 0.00±0.00d 0.00±0.00f 0.02±0.00d  
Owerri  0.09±0.01a 0.06±0.01a 0.07±0.01a 0.00±0.00b 0.00±0.00b 0.00±0.00b 0.05±0.01a 0.02±0.00a 0.03±0.01a 0.02±0.01a 0.00±0.00b 0.00±0.00b  
Anambra  1.79±0.02a 1.09±0.02b 1.15±0.05b 0.16±0.01c 0.03±0.01d 0.06±0.00d 0.00±0.00e 0.02±0.01e 0.00±0.00e 0.00±0.00e 0.05±0.00 0.07±0.01d  
Ebonyi  0.17±0.01a 3.12±0.01b 1.15±0.01c 0.00±0.00d 0.00±0.00d 0.03±0.00d 0.00±0.00d 0.07±0.01e 0.02±0.01d 0.04±0.01d 0.00±0.00d 0.02±0.01d  
Enugu  0.39±0.01a 0.00±0.00b 0.03±0.00b 0.09±0.01c 0.02±0.00b 0.97±0.03d 0.00±0.00b 0.00±0.00b 0.01±0.00b 0.00±0.00b 0.00±0.00b 0.01±0.00b 

ACE Abia 0.04±0.01a 0.54±0.00b 0.18±0.01c 0.08±0.00a 0.00±0.00d 0.00±0.00d 0.12±0.00c 0.25±0.01b 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.00±0.00d  
Owerri  0.09±0.01a 0.01±0.00b 0.05±0.01b 0.00±0.00b 0.00±0.00b 0.00±0.00b 0.11±0.00a 0.02±0.01b 0.01±0.00b 0.03±0.00b 0.00±0.00b 0.00±0.00b  
Anambra  0.19±0.02a 0.95±0.05b 0.87±0.14b 0.17±0.01a 0.05±0.01c 0.01±0.00c 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.01±0.01d 0.01±0.00d  
Ebonyi  0.17±0.01a 0.90±0.10b 0.78±0.02b 0.00±0.00c 0.00±0.00c 0.06±0.01d 0.00±0.00e 0.02±0.01d 0.01±0.00e 0.08±0.01d 0.01±0.00e 0.01±0.00e 

 Enugu 0.05±0.01a 0.00±0.00b 0.04±0.02a 0.10±0.00c 0.04±0.01a 0.48±0.03d 0.00±0.00b 0.00±0.00b 0.02±0.01b 0.00±0.00b 0.00±0.00b 0.02±0.00b 

FLO Abia 0.19±0.01a 0.97±0.04b 0.39±0.02c 0.13±0.00a 0.00±0.00d 0.00±0.00d 1.33±0.02e 0.87±0.03b 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.02±0.01d  
Owerri  0.02±0.01a 0.09±0.02b 0.09±0.01b 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.13±0.01d 0.14±0.01d 0.01±0.00a 0.05±0.01b 0.00±0.00c 0.04±0.00b  
Anambra  0.94±0.01a 0.99±0.02a 1.70±0.10b 0.28±0.01c 0.04±0.00d 0.10±0.01e 0.00±0.00d 0.09±0.01e 0.00±0.00d 0.00±0.00d 0.03±0.00d 0.05±0.01d  
Ebonyi  0.03±0.01a 1.39±0.02b 1.74±0.07b 0.00±0.00c 0.00±0.00c 0.08±0.01d 0.00±0.00c 0.06±0.01d 0.01±0.00a 0.09±0.01d 0.01±0.00a 0.09±0.01d  
Enugu  0.21±0.01a 0.00±0.00b 0.06±0.01c 0.17±0.01d 0.05±0.01c 0.30±0.01a 0.00±0.00b 0.00±0.00b 0.06±0.01c 0.00±0.00b 0.00±0.00b 0.20±0.01a 

PHE Abia 0.39±0.01a 0.69±0.02b 0.33±0.02a 0.15±0.01c 0.00±0.00d 0.00±0.00d 0.78±0.03b 0.63±0.02b 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.02±0.01d  
Owerri  0.14±0.01a 0.56±0.00b 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.04±0.02c 0.12±0.00a 0.03±0.01c 0.02±0.00c 0.00±0.00c 0.08±0.01a  
Anambra  1.97±0.02a 0.28±0.03b 1.42±0.08a 0.31±0.01b 0.02±0.00c 0.14±0.02d 0.00±0.00e 0.09±0.01d 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.30±0.01b  
Ebonyi  0.25±0.00a 1.01±0.01b 1.45±0.05c 0.00±0.00d 0.00±0.00d 0.05±0.01d 0.00±0.00d 0.05±0.01d 0.01±0.00d 0.06±0.01d 0.02±0.01d 0.17±0.01e  
Enugu  0.42±0.01a 0.03±0.00b 0.00±0.00c 0.18±0.01d 0.02±0.00b 0.08±0.01c 0.00±0.00c 0.00±0.00 0.03±0.00c 0.00±0.00c 0.00±0.00c 0.39±0.02a 

ANT Abia 0.42±0.01a 1.42±0.08b 0.59±0.01a 0.10±0.01c 0.00±0.00d 0.00±0.00d 0.55±0.01a 0.48±0.02a 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.02±0.01d  
Owerri  0.41±0.01a 0.51±0.01a 0.08±0.01b 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.07±0.02b 0.10±0.01b 0.03±0.00c 0.02±0.00c 0.00±0.00c 0.07±0.01b  
Anambra  2.15±0.01a 1.88±0.03b 2.49±0.01a 0.21±0.00c 0.03±0.01d 0.14±0.02e 0.00±0.00d 0.06±0.01d 0.00±0.00d 0.00±0.00d 0.01±0.01d 0.17±0.01e  
Ebonyi  0.80±0.01a 2.00±0.01b 2.59±0.01b 0.00±0.00c 0.00±0.00c 0.08±0.01c 0.00±0.00c 0.04±0.01c 0.03±0.01c 0.05±0.01c 0.01±0.00c 0.14±0.02d  
Enugu  0.48±0.03a 0.06±0.01b 0.04±0.00b 0.13±0.02c 0.01±0.00b 0.25±0.01d 0.00±0.00b 0.00±0.00b 0.04±0.01b 0.00±0.00b 0.00±0.00b 0.29±0.01d 

FLA Abia 0.25±0.01a 1.57±0.04b 0.39±0.01a 0.09±0.01c 0.00±0.00e 0.00±0.00e 1.33±0.02b 2.84±0.02d 0.00±0.00e 0.00±0.00e 0.00±0.00e 0.34±0.02a  
Owerri  0.96±0.02a 1.32±0.01b 0.02±0.00c 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.34±0.01d 0.22±0.00d 0.20±0.00d 0.02±0.01c 0.00±0.00c 2.40±0.10e  
Anambra  1.25±0.01a 0.68±0.02b 1.63±0.02a 0.19±0.01b 0.09±0.01c 0.13±0.00b 0.00±0.00d 0.15±0.01b 0.00±0.00d 0.00±0.00d 1.10±0.10a 25.25±0.25e  
Ebonyi  1.88±0.02a 2.29±0.02b 1.74±0.07c 0.00±0.00d 0.00±0.00 0.07±0.01d 0.00±0.00d 0.17±0.01d 0.16±0.01d 0.01±0.00d 0.01±0.00d 4.95±0.05e  
Enugu  0.28±0.02a 0.88±0.02b 0.03±0.02c 0.11±0.01d 0.09±0.02c 0.45±0.00a 0.00±0.00c 0.00±0.00c 0.09±0.02c 0.00±0.00c 0.00±0.00c 11.51±0.01d 

PYR Abia 0.98±0.03a 0.43±0.08b 0.29±0.01c 0.10±0.00d 0.00±0.00e 0.00±0.00e 2.39±0.02f 1.88±0.03g 0.00±0.00e 0.00±0.00e 0.00±0.00e 0.06±0.01d  
Owerri  0.88±0.03a 0.60±0.01b 0.10±0.01c 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.21±0.01e 0.16±0.01e 0.18±0.02e 0.03±0.00d 0.00±0.00d 0.24±0.02e 
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  VA TO TT ME DR CA CS CHA CP CN CO EG  
Anambra  4.95±0.02a 0.20±0.01b 1.22±0.01c 0.20±0.01d 0.10±0.01b 0.59±0.01d 0.00±0.00e 0.10±0.01b 0.00±0.00e 0.00±0.00e 0.09±0.01b 2.91±0.10f  
Ebonyi  1.70±0.01a 0.54±0.02b 1.28±0.02c 0.00±0.00d 0.00±0.00d 1.41±0.09a 0.00±0.00d 0.11±0.00f 0.12±0.00f 0.06±0.01d 0.02±0.01d 0.48±0.01b  
Enugu  1.05±0.01a 0.55±0.01b 0.05±0.00c 0.11±0.00d 0.09±0.01c 0.12±0.01d 0.00±0.00e 0.00±0.00e 0.17±0.01d 0.00±0.00e 0.00±0.00e 1.10±0.01a 

BaA Abia 1.74±0.01a 1.19±0.02b 0.54±0.03c 0.03±0.00d 0.00±0.00d 0.00±0.00d 0.55±0.01c 0.09±0.01d 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.10±0.01d  
Owerri  0.06±0.01a 0.92±0.01b 1.55±0.04c 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.04±0.01d 0.29±0.02b 0.11±0.00b 0.02±0.01d 0.00±0.00d 0.35±0.00b  
Anambra  8.94±0.01a 0.72±0.01b 2.19±0.02c 0.06±0.01d 0.02±0.01d 0.39±0.01b 0.00±0.00e 0.18±0.01d 0.00±0.00e 0.00±0.00e 0.00±0.00e 0.11±0.00d  
Ebonyi  0.11±0.01a 1.78±0.03b 2.28±0.02c 0.00±0.00d 0.00±0.00d 0.06±0.00d 0.00±0.00d 0.00±0.00d 0.09±0.01d 0.02±0.00d 0.0±0.00d 0.78±0.04e  
Enugu  1.95±0.06a 1.70±0.01a 0.94±0.06b 0.03±0.00c 0.02±0.01c 0.15±0.01d 0.00±0.00c 0.00±0.00c 0.52±0.01e 0.00±0.00c 0.00±0.00c 1.75±0.01a 

CHR Abia 0.92±0.01a 0.49±0.02a 0.17±0.02b 0.01±0.00c 0.00±0.00c 0.00±0.00c 1.16±0.01d 0.18±0.01b 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.02±0.00c  
Owerri  0.04±0.01a 0.49±0.02b 3.61±0.02c 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.05±0.01a 0.02±0.00a 0.05±0.00a 0.00±0.00d 0.00±0.00d 0.21±0.01b  
Anambra  4.74±0.02a 1.02±0.01b 0.65±0.01c 0.02±0.00d 0.00±0.00d 0.20±0.01e 0.00±0.00d 0.010.00d 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.04±0.01d  
Ebonyi  0.06±0.01a 0.71±0.01b 0.68±0.02c 0.00±0.00d 0.00±0.00d 0.05±0.01d 0.00±0.00d 0.02±0.01d 0.05±0.01d 0.00±0.00d 0.00±0.00d 0.47±0.04c  
Enugu  1.10±0.10a 1.89±0.02a 2.09±0.01b 0.03±0.02c 0.00±0.00c 0.19±0.01d 0.00±0.00c 0.00±0.00c 0.02±0.01c 0.00±0.00c 0.20±0.00d 1.01±0.00a 

BbF Abia 0.52±0.01a 0.20±0.01b 0.19±0.01b 0.08±0.00c 0.00±0.00d 0.00±0.00d 0.24±0.01b 0.48±0.02a 0.00±0.00d 0.00±0.00d 0.01±0.00d 0.17±0.01b  
Owerri  0.79±0.01a 1.02±0.00b 0.03±0.00c 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.09±0.02b 0.06±0.01c 0.11±0.00b 0.23±0.01d 0.00±0.00c 0.43±0.02a  
Anambra  2.64±0.01a 9.34±0.01b 0.80±0.01c 0.16±0.00d 0.06±0.01e 0.09±0.01e 0.00±0.00f 0.03±0.01f 0.00±0.00f 0.00±0.00f 0.00±0.00f 0.29±0.02d  
Ebonyi  1.55±0.01a 0.30±0.01b 0.84±0.02c 0.00±0.00d 0.00±0.00d 0.04±0.00d 0.00±0.00d 0.04±0.01d 0.09±0.01e 0.51±0.01c 0.00±0.00d 0.90±0.01a  
Enugu  0.56±0.00a 10.61±0.01b 0.04±0.02c 0.10±0.02d 0.05±0.01c 0.48±0.02a 0.00±0.00c 0.00±0.00c 0.02±0.01c 0.00±0.00c 0.09±0.00c 2.09±0.02e 

BkF Abia 0.06±0.01a 0.04±0.01a 0.54±0.46b 0.04±0.00a 0.00±0.00a 0.00±0.00a 0.17±0.01c 0.04±0.00a 0.00±0.00a 0.00±0.00a 0.02±0.00a 0.09±0.01a  
Owerri  0.12±0.01a 0.11±0.01a 0.02±0.00b 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.04±0.00b 0.02±0.01b 0.05±0.02b 0.04±0.02b 0.00±0.00c 0.06±0.01b  
Anambra  0.29±0.01a 2.48±0.03b 0.38±0.02c 0.09±0.01d 0.00±0.00e 0.10±0.01f 0.00±0.00e 0.01±0.00e 0.00±0.00e 0.00±0.00e 0.00±0.00e 0.14±0.01f  
Ebonyi  0.23±0.01a 0.07±0.02b 0.39±0.01c 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.03±0.01d 0.03±0.01d 0.00±0.01d 0.13±0.02e  
Enugu  0.07±0.01a 1.29±0.07b 0.02±0.01a 0.07±0.02a 0.00±0.00d 0.06±0.00d 0.00±0.00d 0.00±0.00d 0.10±0.01a 0.00±0.00d 0.05±0.00d 0.27±0.01e 

BaP Abia 0.00±0.00a 0.02±0.01a 0.15±0.01b 0.01±0.00a 0.00±0.00a 0.00±0.00a 0.09±0.01b 0.20±0.00c 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.01±0.00a  
Owerri  0.22±0.01a 0.06±0.01b 0.05±0.00b 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.05±0.01b 0.07±0.01b 0.01±0.00c 0.05±0.01b 0.00±0.00c 0.39±0.02d  
Anambra  0.02±0.00a 3.38±0.02b 0.63±0.02c 0.02±0.01d 0.03±0.01e 0.05±0.01f 0.00±0.00c 0.05±0.01f 0.00±0.00a 0.00±0.00a 0.00±0.01a 0.17±0.01g  
Ebonyi  0.44±0.02a 0.03±0.01b 0.67±0.04c 0.00±0.00d 0.00±0.00d 0.02±0.01d 0.00±0.00d 0.02±0.01d 0.02±0.01d 0.09±0.01d 0.00±0.00d 0.80±0.01c  
Enugu  0.00±0.00a 2.41±0.01b 0.03±0.00a 0.02±0.00a 0.01±0.00a 0.09±0.01c 0.00±0.00a 0.00±0.00a 0.08±0.02c 0.00±0.00a 0.01±0.00a 1.84±0.00d 

IcdP Abia 0.04±0.01a 0.14±0.02b 0.91±0.09c 0.08±0.00d 0.00±0.00e 0.00±0.00e 0.54±0.01c 1.48±0.02f 0.00±0.00e 0.00±0.00e 0.01±0.00e 0.81±0.02c  
Owerri  0.19±0.01a 0.35±0.01b 0.05±0.02c 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.05±0.01c 0.05±0.01c 0.02±0.00c 0.01±0.00d 0.00±0.00d 0.00±0.00d  
Anambra  0.17±0.01a 1.47±0.03b 3.51±0.01c 0.16±0.01a 0.00±0.00d 0.21±0.01a 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.00±0.01d 0.22±0.01a  
Ebonyi  0.38±0.02a 0.19±0.01b 3.68±0.02c 0.00±0.00d 0.00±0.00d 0.02±0.00d 0.00±0.00d 0.09±0.01b 0.02±0.00d 0.03±0.00 0.00±0.00d 0.00±0.00d  
Enugu  0.04±0.01a 0.07±0.01a 0.02±0.00a 0.09±0.00a 0.00±0.00b 0.02±0.00a 0.00±0.00b 0.00±0.00b 0.04±0.01a 0.00±0.00b 0.03±0.00a 0.01±0.00a 

Dah Abia 0.09±0.02a 0.21±0.01b 0.55±0.03c 0.30±0.00b 0.00±0.00d 0.00±0.00d 0.20±0.01b 0.54±0.01c 0.00±0.00d 0.00±0.00d 0.01±0.00d 4.33±0.02e 

A Owerri  0.46±0.01a 1.31±0.01b 0.39±0.02a 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.00±0.00c 0.02±0.00c 0.15±0.02d 0.05±0.00c 0.00±0.00c 0.23±0.00a  
Anambra  0.39±0.01a 10.21±0.01b 2.37±0.14c 0.62±0.00a 0.32±0.01a 0.16±0.01d 0.00±0.00e 0.01±0.00e 0.00±0.00e 0.00±0.00e 0.00±0.00e 0.40±0.01a  
Ebonyi  0.95±0.05a 0.39±0.01b 2.34±0.02c 0.00±0.00d 0.00±0.00d 0.03±0.01d 0.00±0.00d 0.04±0.01d 0.10±0.00d 0.10±0.00d 0.00±0.01d 0.50±0.01d 

  Enugu  0.09±0.01a 0.19±0.02b 0.22±0.01b 0.38±0.02b 0.29±0.02b 0.57±0.03c 0.00±0.00d 0.00±0.00d 0.05±0.00d 0.00±0.00d 0.00±0.00d 1.18±0.03e 

Values in different letters in the same column are significantly different at 0.05 level (p ≤ 0.05) while same letters in the same column are not significantly 

different (p ≤ 0.05). Values (0.00 mg/kg) are BDL - below detection limit of 0.001 mg/kg.  

 

 

Location  VA TO TT ME DR CA CS CHA CP CN CO EG 

Osisioma Adults 2.42E-01 4.34E-01 1.08E+00 6.42E-01 0.00E+00 0.00E+00 4.36E-01 1.08E+00 0.00E+00 0.00E+00 1.86E-02 7.51E+00  
Children 1.47E-01 2.63E-01 6.54E-01 3.56E-01 0.00E+00 0.00E+00 2.64E-01 6.53E-01 0.00E+00 0.00E+00 1.13E-02 4.55E+00 

Akwuuru Adults 1.12E+00 1.93E+01 4.56E+00 1.33E+00 6.85E-01 3.90E-01 0.00E+00 4.25E-02 0.00E+00 0.00E+00 5.76E-04 7.85E-01  
Children 6.80E-01 1.17E+01 2.76E+00 7.36E-01 3.80E-01 2.17E-01 0.00E+00 2.58E-02 0.00E+00 0.00E+00 3.49E-04 4.76E-01 

Irete Adults 9.12E-01 2.37E+00 7.60E-01 0.00E+00 0.00E+00 0.00E+00 2.56E-02 7.38E-02 2.73E-01 1.14E-01 0.00E+00 5.62E-01  
Children 5.52E-01 1.43E+00 4.60E-01 0.00E+00 0.00E+00 0.00E+00 1.55E-02 4.47E-02 1.65E-01 6.91E-02 0.00E+00 3.41E-01 

Ishiagu Adults 1.87E+00 7.79E-01 4.53E+00 0.00E+00 0.00E+00 7.73E-02 0.00E+00 8.08E-02 1.88E-01 2.24E-01 6.90E-05 1.21E+00  
Children 1.13E+00 4.72E-01 2.74E+00 0.00E+00 0.00E+00 4.29E-02 0.00E+00 4.90E-02 1.14E-01 1.36E-01 4.18E-05 7.30E-01 

Ngwo Adults 2.52E-01 1.64E+00 4.32E-01 8.16E-01 6.13E-01 1.26E+00 0.00E+00 0.00E+00 1.38E-01 0.00E+00 1.00E-02 2.82E+00 

Table 3. Incremental life time cancer risk for adults and children using the total observed TEBaP concentration for each food crop. 

Location  VA TO TT ME DR CA CS CHA CP CN CO EG 

Osisioma Adults 2.94E-08 5.28E-08 1.31E-07 7.81E-08 0.00E+00 0.00E+00 5.30E-08 1.31E-07 0.00E+00 0.00E+00 2.26E-09 9.14E-07 

 Children 3.28E-08 5.87E-08 1.46E-07 7.95E-08 0.00E+00 0.00E+00 5.89E-08 1.46E-07 0.00E+00 0.00E+00 2.52E-09 1.02E-06 

Akwuuru Adults 1.36E-07 2.35E-06 5.55E-07 1.62E-07 8.33E-08 4.75E-08 0.00E+00 5.17E-09 0.00E+00 0.00E+00 7.01E-11 9.55E-08 

 Children 1.52E-07 2.61E-06 6.16E-07 1.64E-07 8.48E-08 4.84E-08 0.00E+00 5.76E-09 0.00E+00 0.00E+00 7.79E-11 1.06E-07 

Irete Adults 1.11E-07 2.88E-07 9.25E-08 0.00E+00 0.00E+00 0.00E+00 3.11E-09 8.98E-09 3.32E-08 1.39E-08 0.00E+00 6.84E-08 

 Children 1.23E-07 3.19E-07 1.03E-07 0.00E+00 0.00E+00 0.00E+00 3.46E-09 9.98E-09 3.68E-08 1.54E-08 0.00E+00 7.61E-08 

Ishiagu Adults 2.28E-07 9.48E-08 5.51E-07 0.00E+00 0.00E+00 9.40E-09 0.00E+00 9.83E-09 2.29E-08 2.73E-08 8.40E-12 1.47E-07 

 Children 2.52E-07 1.05E-07 6.12E-07 0.00E+00 0.00E+00 9.58E-09 0.00E+00 1.09E-08 2.54E-08 3.04E-08 9.33E-12 1.63E-07 

Ngwo Adults 3.07E-08 2.00E-07 5.26E-08 9.93E-08 7.46E-08 1.53E-07 0.00E+00 0.00E+00 1.68E-08 0.00E+00 1.22E-09 3.43E-07 

 Children 3.42E-08 2.21E-07 5.85E-08 1.01E-07 7.59E-08 1.56E-07 0.00E+00 0.00E+00 1.86E-08 0.00E+00 1.35E-09 3.82E-07 

  8.92E-08 4.98E-07 2.30E-07 5.66E-08 2.63E-08 3.50E-08 9.35E-09 2.58E-08 1.22E-08 6.87E-09 5.93E-10 2.61E-07 

Table 4. Total PAHs (mg/kg dry weight) and benzo(a)pyrene (mg/kg dry weight) concentration in food crops. 

Location 
 

VA TO TT ME DR CA CS CHA CP CN CO EG 

Osisioma 
Total 

PAHs 
6.24 14.23 5.87 1.34 0.00 0.00 11.04 14.49 0.00 0.00 0.05 6.13 

 
ƩBEC 7.02E-01 1.26E+00 3.13E+00 1.53E+00 0.00E+00 0.00E+00 1.26E+00 3.13E+00 0.00E+00 0.00E+00 5.40E-02 2.18E+01 

Akwuuru 
Total 

PAHs 
31.66 36.29 22.74 2.8 1.00 2.37 0.00 0.89 0.00 0.00 1.58 30.13 

 
ƩBEC 3.26E+00 5.59E+01 1.32E+01 3.17E+00 1.64E+00 9.33E-01 0.00E+00 1.23E-01 0.00E+00 0.00E+00 1.67E-03 2.28E+00 

Irete 
Total 

PAHs 
4.59 7.5 6.11 0.00 0. 00 0. 00 1.41 1.46 1.03 0.7 0. 00 4.53 

 
ƩBEC 2.64E+00 6.86E+00 2.20E+00 0.00E+00 0.00E+00 0.00E+00 7.42E-02 2.14E-01 7.90E-01 3.30E-01 0.00E+00 1.63E+00 

Ishiagu 
Total 

PAHs 
8.94 20.98 23.36 0. 00 0, 00 2.03 0. 00 0.95 0.79 1.42 0.11 9.5 

 
ƩBEC 5.43E+00 2.26E+00 1.31E+01 0.00E+00 0.00E+00 1.85E-01 0.00E+00 2.34E-01 5.44E-01 6.50E-01 2.00E-04 3.49E+00 

Ngwo 
Total 

PAHs 
6.95 1.97 3.61 1.7 8.7 4.39 0.00 0. 00 1.25 0. 00 3.8 2.18 

  ƩBEC 7.30E-01 4.75E+00 1.25E+00 1.95E+00 1.47E+00 3.02E+00 0.00E+00 0.00E+00 3.99E-01 0.00E+00 2.90E-02 8.18E+00 

 

 

 

Table 2. Daily intakes of PAHs (mg kg body weight per day) for adults and children. 



Onyedikachi et al. / Ovidius University Annals of Chemistry 30 (2019) 37 - 43 

41 

 

Mean concentration of PAHs in foods crops. Mean 

concentration of PAHs in food samples (Table 1) ranged 

from below detection limit (< 0.01) to 2.64 ± 0.02, 5.27 

± 0.04, 0.96 ± 0.02, 8.94 ± 0.01 and 1.95 ± 0.06 mg/kg 

for Star apple collected from Osisioma, pumpkin leaf 

from Ishiagu, and bitter leaf from Irete, Akwuuru and 

Ngwo respectively. This may be attributable to the 

uptake of PAHs by plant through gaseous (aerial) and 

particle bound deposition [15, 16]. These depicts serious 

environmental concerns which may be lethal to the entire 

populace. These high molecular weight PAHs are 

associated with prolonged effects due to less 

susceptibility to microbial degradation [6]. 

Consequently, the population of people living in and 

around the study sites may be predisposed to high risk of 

cancer due to long exposure to PAH compound through 

contaminated soil and food crops.  

Total PAHs concentrations (Table 4) in most crop 

samples had highest values 14.49, 36.29, 4.59, 23.36 and 

21.8 in mg/kg for Chyrysophyllum albidum, Telferia 

occidentalis, Vernonia amygdalina, Talinum triangulare 

and Elaies guinnensis for Abia (Osisioma), Anambra 

(Akwuuru), Imo (Irete), Ebonyi (Ishiagu) and Enugu 

(Ngwo) respectively. These exceeded the European 

Union regulatory limit of 0.2 mg/kg d.w. in foods 

suggesting possible health risk of exposure to PAHs 

through the food chain for the populace in these locals. 

Low IQ (intelligent quotient), untimely labor, low birth 

weight, asthma in children, DNA damages, cardiac 

malfunction etc. have been reported in children with high 

pre-natal exposure to PAHs [10, 17].  

Soil-to-plant transfer is a major route of 

contamination of plants. It is also important to consider 

air deposits, PAHs volatilization from soil as well as the 

maturity and the age of the plant. The deposits of dust 

containing PAHs could be adsorbed on plant surface 

although PAHs can also be partly cleaned off during 

rainfall [6, 18]. However, the relation between PAHs 

levels and maturity age has not been fully elucidated by 

authors [19]. Generally, comparison of PAHs 

distributions in food samples analyzed in this study has 

shown vegetables to be significant higher (p ≤ 0.05) than 

other crops. The PAHs distribution followed the order 

vegetables > fruits > nuts > tubers. Interestingly, 

vegetables from all the areas accumulated higher levels 

of PAHs significantly (p ≤ 0.05) compared to other 

classes of food crops analyzed. The abundance of PAHs 

in vegetables analyzed in this study may be due to their 

relatively high solubility, volatility and bioavailability 

[20, 21]. It could also be attributed to their large surface 

area which is in constant contact with air laden with dust 

and pollutants like PAHs [16]. The distribution of PAHs 

in this study had higher concentrations in Vernonia 

amygdalina (a vegetable with broad and rough-surface 

leaves) more than the other two vegetables T. triangulare 

and T. occidentalis, vegetables often consumed by the 

Igbos. This agreed with Inam [22], where V. amygdelina 

had higher PAHs concentrations than in Lasianthera 

africanum, a vegetable described by Paris et al. [6], as a 

small and smooth leaved vegetable. The higher 

concentration present in V. amygdalina may be due to the 

adsorption of volatile organic compounds dependent on 

plant's morphology as a result of its larger surface of 

exchange with the gas phase which could increase plant 

contamination [6, 22].  

On the other hand, fruits mainly are often consumed 

raw and this is particularly disturbing as there might be 

no loss at all in the actual concentration of PAHs in the 

fruit as they are ingested unprocessed directly into the 

alimentary canal. Other crop samples in this study are 

usually not consumed raw. Cooking is known way for 

preparation vegetable soup for the south east people in 

Nigeria, and this practice may decrease the total PAHs 

content in PAHs contaminated foods [23]. For instance, 

Paris et al. [6] reported that a considerable PAHs content 

was found in the water used to boil/cook potatoes 

indicating a possible transfer during the cooking process. 

This may also depend on the food species, temperature of 

heat source, oxygen availability, cooking time and the 

kind of cooking process. Roasting is also another process 

of food preparation in South Eastern Nigeria. This 

method is usually practiced for tubers like yam and this 

could also increase the PAHs content in plant foods [24]. 

However, cassava which is processed into a staple food 

consumed in South Eastern Nigeria (fufu) undergoes 

fermentation process during its preparation and thus may 

degrade PAHs content via enzymatic and microbial 

degradation. 

Samples from all the industrial locations in this study 

had the summation of their 2-ringed PAHs (naphthalene 

and 2-methylnaphthalene) concentrations as follows 

9.95, 0.68, 5.30, 8.85 and 0.84 mg/kg. Also, 3-ringed 

PAHs i.e acenaphthylene, acenaphthene, fluorene, 

phenanthrene and anthracene gave values of 15.7, 3.51, 

22.57, 18.81 and 5.77 mg/kg respectively as seen on table 

1. The 4-ringed PAHs (fluoranthene, pyrene, benz(a) 

anthracene and chrysene) concentrations also were 20.13, 

15.69, 60.12, 14.16 and 30.27 mg/kg, while the 5-ringed 

PAHs (benzo(b) fluoranthene, benzo(k)fluoranthene, 

benzo(a) pyrene and dibenzo(ah)anthracene) 7.38, 4.84, 

26.99, 11.65 and 20.78 mg/kg and the concentration of 

∑6-ring PAHS (indeno (1,2,3-cd) pyrene) was 6.23, 2.61, 

14.48, 4.45 and 2.97 mg/kg d.w. for all the food crops 

grown in the study areas at Osisioma, Irete, Akwuuru, 

Ishiagu and Ngwo respectively.  

Low molecular weight PAHs from values obtained 

appears to be prevalent over the high molecular weight 

and thus can indicating serious cancer risk to human 

health [25]. PAHs ingested via food consumption can act 

in synergy with other carcinogens to escalate the 

proliferation of cancerous cells [25]. The accumulation 

of PAHs in foods could be as a result of the nearness of 

agricultural lands to the industrial/urban areas where high 

levels of anthropogenic activities occur [6]. Furthermore, 

differences in the concentration levels of PAHs generally 

could be as a result of differences in the bioaccumulation 

of plants and the proximity to the pollution source [10]. 

Human health risk assessment. Benzo(a)pyrene (BaP) 

in analyzed samples from study sites gave values above 

the DPR intervention limit of 0.01 mg/kg of B(a)P in 

some foods [10]. Samples had concentrations highest in 

Telferia occidentalis (3.38 ± 0.02; 2.41 ± 0.01 mg/kg) for 

Akwuuru and Ngwo followed by Elaies guineensis (1.84 

± 0.00 mg/kg) suggesting their use as bio-monitoring 
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plants. Citrus sinensis and Cola acuminata had B(a)P 

concentrations consistently below the DPR limits of 0.01 

mg/kg d.w. [11]. This may be because the part of plant 

analyzed was the endocarp (the part often consumed) of 

the plant. B(a)P seems to have preferentially accumulated 

in the peel as seen [19] which was not analyzed in this 

study. The lipid content of peels is generally higher than 

in the endocarp, this could describe the basis for 

increased levels of hydrophobic contaminants in the plant 

part [6, 26]. B(a)P toxic equivalence to other PAHs is 

often ascertained that because it is the key PAHs 

congener monitored in highly consumed food products 

[6].  

The B(a)P-equivalent (BEC) carcinogenic and 

mutagenic PAHs potency represents potential cancer and 

mutation effects evaluation are shown in Table 4. Results 

had highest values as follows 2.18 E+01, 1.31 E+01 for 

Talinum triangulare in Osisioma and Ishiagu 

respectively, 5.59 E+01 and 6.86 E+01 in Telferia 

occidentalis in Irete and Nnewi respectively, while 

highest BEC was seen in Elaies guineensis (8.18 E+01) 

in Ngwo. About 58.3% of ƩBEC in food crops exceeded 

common regulatory target cleanup levels for PAHs and 

B(a)P-TE (0.1–0.66 mg/kg) as stated by Nwaichi et al. 

[10].  

The Daily Dietary Intake (DDI) of PAHs via food 

consumption for the populace in this study was calculated 

(Table 2). DDI for adults were within the  range of 0.00 

mg/kg/body to 7.51 E+00, 4.56 E+00, 2.37 E+00, 4.53 

E+00, 2.82 E+00 mg/kg/body (adults) and 0.00 

mg/kg/body to 4.55 E+00, 2.76 E+00, 1.43 E+00, 2.74 

E+00 and 1.71 E+00 mg/kg/body (children) for samples 

from Osisioma, Irete, Nnewi, Ishiagu and Ngwo 

respectively.  

The incremental life time cancer risk has a predicted 

permissible lifetime risks for carcinogens as 10−6
 (1 in 

10,000,000) and 10−4
 (1 in 10,000) range [5, 7, 9, 27, 28]. 

Values above this range indicate carcinogenic risk [9]. 

Considering the study population, the carcinogenic risk 

resulting from consumption of the variety of food crops 

for adults and children were 1.39 E-06, 1.54 E-06; 3.43 

E-06, 3.79 E-06; 6.19 E-07, 6.87 E-07; 1.09 E-06,1.21 E-

06; and 9.71 E-07, 1.05 E-06  for Osisioma, Akwuuru, 

Irete, Ishiagu and Enugu industrial locations respectively 

(Table 3). From the above, CR values were within the 

predicted life time risks for carcinogens for adults and 

children in  while that of Osisioma, Akwuuru and Ishiagu 

while CR values for Irete and Enugu were within safe 

limits. These values suggest that CR exposure through 

the intake of food cultivated the around industrialized 

areas may be attributed to the type and activities peculiar 

to each industry. For instance, petrochemical and mining 

activities at Osisioma, Akwuuru and Ishiagu study 

location may be responsible for the increase in CR value 

compared to Irete and Enugu where we have vegetable 

oil production and bottling company respectively. Hence, 

adults and children residing at industrial areas in South 

Eastern Nigeria may be at serious risk due to PAHs intake 

in foods overtime due to bioaccumulation of this toxic 

carcinogen. 

 

 

4. Conclusion 

There was a significant level of PAHs in food crops 

especially in vegetables and soils in the study areas. More 

than 50% of ∑B(a)P and ∑PAHs in food crops like 

Telferia occidentali, Elaies guinnensis, Cocos nucifera 

and Citrus sinensis across the study locations were higher 

than limits set by DPR (0.01 mg/kg) and EU (0.2 mg/kg). 

The LMW-PAHS/HMW-PAHS were < 1 for all the 

locations indicating that PAHs levels in foods is 

attributable to the industrial activities going on in the 

study locations. The human health risk assessment of 

PAHs via the ingestion of food crops ingestion of foods 

indicated that estimated daily intake of PAHs in samples 

were within the stipulated reference dose. The 

incremental life time cancer risk did not exceed the 

permissible limits (10-6 to 10-4) and thus may not be an 

issue of concern. However, the toxicity of PAHs acting 

together with other pollutants could constitute serious 

health hazard to humans. Therefore, prompt action is 

needed as the health of exposed population especially 

children may be seriously endangered overtime due to 

bioaccumulation of PAHs. Policy makers and other 

concerned stakeholders should also help in making 

recommendations and regulations in policy decisions and 

mitigating measures for environment and human health 

protections. 
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